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Areas of Need

* Computationaltools to obtain the material properties from standard Flexural test

* Design of Hybrid FRC and how these ideas challenge our 100-year-old approach to the stress
block diagram

* Discussthe variations in the test results and how to overcome them. (We need to stop
penalizing FRC Materials and accept Variability as an inherent integral part of the material)

* Software tools for the design address the need for expedited design and evaluation

* Main Philosophical questions:
 Whatis the efficiency of concrete in tension?
* How low is low?
* What are we doing to change the narrative?



How do we approach the modeling problem?

* Integrate the three essential components of the undergraduate level
“Mechanics of Materials” approach to the 1-D flexural response of composite

systems:

1- Equilibrium equations, in terms of statics, internal and external equilibrium of forces and moments

2- Constitutive relationships, multi-linear tensile and compressive 1-D elastic-hardening/softening
response of matrix and reinforcement (various models available)

3- Compatibility conditions, Strain-curvature compatibility approach

Seek closed-form solutions to a variety of combinations



The Stress-Strain-Compatibility Relationship, the Limit States
___The Stationary and Moving Control Points

Formulations use only two variables of Maximum Tensile Strain, 3 and the
location of the Neutral Axis, k, and input of material and geometrical properties
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Derivation of Moment-Curvature Relationship, two variables:
Max. tensile Strain 3, and location of N.A.
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Flexural Modeling of Reinforced FRC/UHPC (Hybrid Approach)

» Closed-from based analytical Model for flexure simulation and Inverse analysis

Closed-Form Solution for k,M, ¢ Full Moment-Curvature
—
at For all Possible Stages Response

Parametrized Input Model =——————————

Bonus: Limit States




Interaction of the Stages, limit States, and the coordinates of Limit states and ranges.

Envelope Formation for all possible stages
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Generating moment by imposing normalized maximum tension strain, 3
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Normalized Moment, m'
N

The intersection points of Moment-Curvature
RC (u=0) and HRC (u=0.3-0.6), Get Limit states
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Excel Versions of modeling back-calculation and Hybrid RC design,
Versions: 2T2C, 2T2C2S, 3T2C,3T2C2S, 4T,2C2S_SH, 2T2C2S_PM

* Quadrilinear Tension- Bilinear compression for 3PB and 4PB « Bilinear Tension- Bilinear comp. Bilinear Reinforcement
* PM Diagram for columns for 3PB and 4PB
* Quadrilinear Tension- Bilinear hardening/softening comp.
and Reinforcement for 3PB and 4PB



Applicability to interactive design software

Validation of closed-
form approach for
Reinforced Hybrid
Members

Load-Deflection Plot
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Inverse Analysis for characterization of FRC and UHPC (Min four Tensile segments)

-Quad-linear model




Material Cnaracterization:

Validation of closed-form approach for Reinforced UHPC Members:
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How do we justify the efficiency of concrete with and without fibers In
conventional applications?

* Closed-form solution of force efficiency in terms of material properties

. DlmenS|onless deS|gn chart for FRC/HRC/UHPC




Tension Model

Design of hybrid (Effect of fibers on Materials Efficiency):

no fibers

tress (psi)
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Design of hybrid (Effect of fibers on Materials Efficiency):

Case 2- Hybrid RC, Steel fibers,
Min Reinforcement

p =0.13%

Force Distribution
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Load, kN

What is the utility of the modulus of rupture as an indicator of performance of fibers?

No influence of FRC on First Cracking Moment
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What is the utility of the modulus of rupture as an indicator of performance of fibers?
Deflection, In
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What is the utility of the modulus of rupture as an indicator of performance of fibers?

» Effect of initial tensile cracking

Patel D, Pleesudjai C, Bakhshi M, Nasri V, Mobasher B. Back-calculation of mechanical properties of fiber
reinforced concrete in tunnel lining segments. Struct Concr. 2025; (in press). suco.202400914.R2.



How does the number of samples affect the Characteristic Value?
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A sample set of 25 reduces CV within 5% or less.

Pleesudjai, C., Patel, D., Gaona, K. W., Bakhshi, M., Nasri, V., & Mobasher, B. (2024). Statistical Process Control of Fiber-Reinforced Concrete
Precast Tunnel Segments. ACI Materials Journal, 121(2), 127-139. https://doi.org/10.14359/51740373



https://doi.org/10.14359/51740373

Use of simplified approach

Characterizing average residual tensile stress:
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Patel D, Pleesudjai C, Bakhshi M, Nasri V, Mobasher B. Back-calculation of
mechanical properties of fiber reinforced concrete in tunnel lining segments.
Concr. 2025; (in press). Manuscript ID: suco.202400914.R2.
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